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Abstract -For the period from June 2013 to October 2014AhBA Synchrotron has run a transversal project to
accomplish an upgrade of the ALBA Cooling Systempider to increase its reliability (more protentiagainst
point failure), stability (more robustness in fraftload variations) and adequacy in fail mode (imam service
readiness in fail mode). All the activities haveebegrouped in five work packages: Fluid Dynamicd @ahermal
Control, Consumption Side Upgrade, Production Sigyrade, Remote Supervision System, and Cabling and
Control System.

This paper deals with the work package “Fluid Dyr@rand Thermal Control”. The goal is to advancettom
understanding of the cooling system, based on naaleimulations, in order to take some engineedrgisions.
Two simulations have been performed: (i) Thermdadfidynamic simulations of the ALBA Cooling Systeamd (ii)

Numerical evaluation of a Borda mouthpiece mountethe accumulator tank of the ALBA Cooling SysteRor

this action, ALBA project team has established epdeollaboration with the Centre for Industrial @i@stics and
Fluid Dynamics (CDIF) of the UPC.

For the first simulation a numerical 1D model hagib developed by means of the FLOWMASTER softwahe.
model comprises all the elements of the entire adtike pumps, pipes, valves, bends, accumulajarsstions,
heaters/coolers and other minor components. Morgotlee system automatic regulation mechanisms for
temperatures and pressures have also been implkinehhe numerical predictions have been compared wi
experimental data. A good agreement has been faitiddeviations of the main variables below 10%r EHee
second simulation; in order to de-aerate the cgofipstem, the mounting of a Borda mouthpiece atuibyer
vertical discharge tube of the accumulator tankleen proposed to create a stagnation region vetiei® expected

to accumulate. Then, the air is removed througbraatic air release valves. These effects have bealuated by
means of a two-phase flow simulation, based on AS®¥X software.
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1. Background

After five year in operation the ALBA Synchrotroright Source (Web-1) implemented the first
upgrade process on its Cooling System. The maiectig of the project was to accomplish an upgrade
of the hydraulic plant and its control system upatointernally defined reasonable level, in order t
significantly increase its reliability (more prot®n against single point failure), stability (more
robustness in front of load variations and/or exd@éperturbations) and adequacy in fail mode (maxm
service readiness in fail mode).

To face this objective a Project Manager structuas defined (see Figure 1) and all the activities
were grouped in the following five work packagesR)WWQuispe, 2014b):

¢ Fluid Dynamics and Thermal Control (WP1). Goal:b&iter understand the cooling system from
the fluid dynamics and thermal control point ofwieConstruction of a model used to define the
system settings that provide the right behaviohwwiaximum stability.

» Hardware Upgrade (consumption side) (WP2). GoalimTfmrove (upgrade) instrumentation at the
plant. Addition of sensors to better monitor thanpl(these sensors are the basis for the new
remote supervision system). To improve static ayrachic control elements at hardware level
(addition of pressure limiters, bypass circuitdyes, etc.).

e Hardware Upgrade (production side) (WP3). Goal: ifprove (adding redundancies) PLC
elements at the generation sub-plant. Addition erissrs to better monitor the plant and to
improve static elements at hardware level (deggssjjuipment, air vents, filters, etc.).

* Remote Supervision System (WP4). Goal: To developew remote supervision system for the
accelerator control room.

e Cabling and Control System Installation (WP5). Goabmplete the electrical and control
interface of the instruments to the Control System.

| Senior User | | Executive | | Senior Supplier |

Project Manager

WP1 WP2 WP3 WP4
(Fluid dynamics & (Hardware upgrade (Hardware upgrade (Remote supervision
thermal control) consumption side) production side) system)
WP5

(Cabling and Control System Installation)

Fig. 1. Organization of work packages for the ptof@&LBA Cooling System Upgrade”.

The main content of this paper is dedicated toviloek package 1 (WP1). For this section two
simulations have been performed: (i) Thermo-flujshamic simulations of the ALBA Cooling System;



and (i) Numerical evaluation of a Borda mouthpigneunted in the accumulator tank of the ALBA
Cooling System.

2. ALBA Cooling System Description

The ALBA cooling system is comprised by two maintpathe production and consumption sides.
For the refrigeration four groups of pumps feed rings Experimental Area (EA), Service Area (SA),
Storage Ring (SR) and Booster (BO) (see Figur®ah the Storage and the Service Area rings operate
with a couple of twin-pumps mounted in parallel diné rest with a single pump. The deionized wager i
heated thorough all the rings and it is collected icommon return line. Another pump (P11) takes th
heated water from the return and feeds a coupleeaf exchangers that cool it. The cooled water is
brought to a large volume accumulator from whicuetion line takes water again to the rings’ punips.
order to regulate the water temperature, a sefiesrtrolled mixing valves permit to combine theoltam
water with the heated water prior to being pumethé rings. Moreover, a pressure maintenancerayste
with a compressor is mounted at the exit line @f ieat exchangers before the accumulator. Firelly,
pipe line connecting the accumulator with the commeturn line permits to compensate the lack/excess
of flow to the cooling loop when the total flow eathanges in the rings’ loops.
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Fig. 2. ALBA Cooling System simplified scheme.

3. Thermo — fluid dynamic simulations

With the aim of simulating the steady state anddient behaviour of the ALBA cooling piping
system under typical operating conditions, the Faster® software (Flowmaster Group BV) has been
used which provides a 1D modelling solution for tinermo-fluid system properties.



3. 1. General model description

The model has been built up from the available comepts in Flowmaster software (Figure 3). The
properties of each component have been selected lbasthe information provided by the corresponding
manufacturer in the form of construction planeshtiécal documentation and so on. The lack of rédiab
information has been overcome with visual inspestiand measurements in-situ.

As an example of the level of detail achieved, poenping subsystems that deliver high pressure
water to the rings have been modelled as showrherleft of Figure 4 for the particular case of the
Service Area pumps P10. The common elements arpiples, the junctions, the bends, the transitions
and the valves. Other components that are no daila Flowmaster database, like the rubber joints,
have been modelled with general purpose components.

However, such level of detail has not been achieredhe rings for the current study due to their
dense and complex structure. In this case, it e lecided to simplify each of them with a heat
exchanger and a globe valve as shown on the righgare 4.
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Fig. 3. Schematic of the entire network with dgstitoin of the subnetworks used in the model.
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Fig. 4. Schematic of the subnetwork for Serviceapamping station (left) and of the simplified sabmorks for
the rings (right).

The cooling system is regulated by means of thelsameous control of:

1. The flow pressures that feed each ring,
2. The flow temperatures that feed each ring,
3. And the common return flow pressure that is coiddtom all the rings.

In the model these variables are respectively obath with:

1. The pump rotating speeds,

2. The opening ratios of the mixing valves (see V3 left of Figure 4),
3. And a pressure source element.

3. 2. Accuracy of the model

In order to certify the accuracy of the modelledwuek the simulated results for various operating
conditions were compared with on-site measured tagzarticular, four thermo-hydraulic settings @\,
C and D) (Quispe, 2014a) were considered which cmp for each ring, the inlet and outlet
temperatures (Ti, To), the flow rates (Q), the daly pressure (P), the heat duty (N), the percentdg
cold water coming from the reservoir D02 at theimgxvalve (%V3V) and the pump rotating speeds (n).
From the obtained results, the goodness of the Imsdeonfirmed by the fact that the maximum
deviations around the 6 % for the hydraulic vagabhnd around the 10% for thermal variables. An



example of some simulated quantities and theirgrererror relative to the measured values are atelit

in Table 1 for thermo-hydraulic setting D.

Table 1: Simulated flow rates (Q), delivery pressuiP) and delivery temperatures (Ti), and theicem error
relative to the measured values for thermo-hydcaaéiting D.

RING Q0 [m3/h] % error Q P [bar] % error P Ti[C] % error Ti
Booster 28.6 0 10.2 0 23.1 1
Storage 271.1 0 10.2 0 234 -1
Service Area 200.1 0 10.1 1 23.2 0
Experimental 16.2 0 7.1 -5 22.0 5

3. 3. General system stability

The operation conditions of the cooling systemdstrmined by the heat exchange that takes places
across the rings’ instrumentation and the partrgoilging configuration with a common return as meél
in Figure 5. First of all it is assumed that thetsyn cooler heat exchangers have unlimited capsxity
provide a constant and continuous outlet tempezadfi”r PC that fills the accumulator. Secondly, the
water temperature requirement at the inlet of thgsris of 23C. Given the fact that the exit flow rates
and temperatures at each ring are variable, ikéessary to continuously adjust the water mixirag@ss
by the use of three way mixing valves. These vaimes hot water from the common return and cold
water from the accumulator.
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Fig. 5. Outline of the cooling system.

Therefore, the general system behavior can beestugy monitoring the evolution of thermo-fluid
properties as a function of changes in the mixiatyes positions. With this aim, a series of pararoetr
tests have been carried out changing the valveingeatios from O to 1 in steps of 0.1. In partaula
ratio of O indicates that the valve is completdlysed to the accumulator and a ratio of 1 indicttas it
is completely opened to the accumulator. The obthimixed flow temperature and flow rate at
connecting pipe as a function of valve positiongogted in Figure 6 (left and right respectively).
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Fig. 6. Outlet temperature of mixed flow at vaheesl flow rate at connecting pipe as a functionimiudaneous
valve position changes.

The first observation regarding the behavior of thalet temperature is the different evolution
observed for the Experimental Area subsystem. &hpérature set-point is achieved at positions aroun
0.8 for the Booster, Storage and Service Area aodna 0.9 for the Experimental Area. The second
important point is the fact that at these operationditions the flow rate on the connecting pipéois
and close to zero condition. From the system aatlimFigure 5 it is obvious that, in the case tiha
flow reverses and becomes negative, the thermatatas completely lost which can induce general
system instability. Consequently, operation clasehis condition is not recommended and it must be
controlled.

3. 4. Mean flow velocity distributions

To avoid air problems in pipelines it is widely apted that minimum flow velocities are required
above 0.5 m/s (British Standards Institution, 20aBjus, the simulation of the entire piping systeas
permitted to identify the locations with lowest eities. As an example, the results corresponding t
detailed network of the Experimental Area pipekme given as follows.

In particular, this pipeline consists of two contcenrings that can feed 20 subsystems. Nowadays, 7
of them correspond to Beam Lines (BL), 2 of thera by-passed (BP) and the rest (11) are closed
connections not in use (C). Originally, the inliewf is equally distributed to the left branch (dadse)
and to the right branch (counter clockwise) throaghjunction by opening the two exit valves. Thiem,
the outlet flow, the directions are reversed argdttio flows are converged to the main outlet pifigs
original flow distribution is indicated as 18@irculation on the left of Figure 7. Neverthelefisis
configuration tends to reduce the main flow velesitas the two flows approach and ideally a zero
velocity point must be achieved. Therefore, thera ligh risk of air accumulation in that zone.
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Fig. 7. Schematic of the 18@nd 360 flow configurations simulated at Experimental Arews.

In order to improve the flow velocity distributiadong the rings, it was considered to force a°360
circulation as indicated on the right of Figurey/diosing the one valve of the T-junction exit brhes.
Doing so, the main flow was forced to circulateyonl counter clockwise direction at the inlet rigwgd in
the opposite direction at the outlet ring.

The comparison of mean flow velocities in all thpgs between any two possible connections is
given in Table 2. For the 18@irculation all the figures are equal or below . Meanwhile, for the
360 configuration, only 8 pipes out of 19 present ealloelow 0.5 m/s. Consequently, the improvement
with the new flow configuration is significant.

Table 2: Mean flow velocities in the pipes for 2&mhd 360 flow configurations simulated at Experimental Area
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3. 5. Common return influence on system regulation

The fact that the flow through the rings is notlhfulndependent due to the parallel piping
configuration with a common return is the root eaas an interdependent behavior that needs to be
understood. With this objective, the transient edreof the overall cooling system under local GEm
changes has been evaluated. As an example, tloésedfea progressive flow reduction in the Storagg
from 271 to 133 m3/h taking place in about 7 sesare presented in figures 8 and 9.

On the left Figure 8, it is clearly observed howe tfing’s flow reduction is compensated by an
increase of the connecting pipe flow rate. The latketurn flow that feeds the cooling subsystem is
compensated with an increase of accumulator flowil@ other hand, on the right of the same figure i



can be seen that all the suction pressures argtedfeuring the transient. Finally, the suctionspree at
the pumping system is increased by an amount df&r4
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Fig. 8. Flow rate and pump suction pressure evariutiith Storage ring flow reduction.

As observed on the left of Figure 9, the flow rechrc provokes a progressive closure of all the
mixing valves to the cold water from the accumulatod the corresponding opening to the hot water
from the return. This is because the temperaturtheimixed water cannot be kept constant during the
transient as seen on the right of the same figureparticular, the most affected valve is the one
controlling the Storage ring flow. However, theuks show that the 30 seconds of time are not émoug
for the control system to stabilize thermal projesrin opposition to the fast balance of some hyldra

parameters. It is clearly observed that at theddrttie 30 s no steady state condition has beerasthi
yet.
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Fig. 9. Mixing valve position and outlet tempera@volution with Storage ring flow reduction.



4. Numerical evaluation of a Borda mouthpiece mount  ed in the accumulator tank

Serious problems might arise if excessive air isuawlated in a pressurized system. For instance,
the risk that air pockets may form in the highervated parts of the pipelines is high. As a resh#,
resistance of the pipe will increase and the flate will decrease if spare pump capacity is notlaia.
One way of reducing this risk is to properly deagerthe piping system (Escarameia et al, 2005). The
most common method is the use of Automatic Air RedeValves. The typical locations of these valves
are high points along the network where air carcdléected by upward bubble displacements due to
buoyancy forces. Based on these principles, it desided to promote air collection in the large
accumulator tank by the mounting of a Borda mowbgiat the top outlet (Dong et al., 1986). The idea
behind this modification was to create a stagnatiegion with low velocities where air would be
captured and then removed by a series of reledgesvdn order to evaluate the feasibility of tdea and
to optimize the de-aeration efficiency a serieswherical simulations were carried out with AnsysXC
software (ANSYS Inc., 2014).

4. 1. Mounting details of Borda mouthpiece and auto  matic air release valves

The Borda mouthpiece consists of a pipe extensi@about 660 mm from the top exit towards the
inner part of the accumulator as shown on the drgsvin Figure 10. Three holes distributed uniformly
around the vertical axis at a radius of about 333 were drilled on the upper wall of the accumulator
They connect with the air release valves througtiocad tubes. As it can be observed, the tank has a
diameter of 2900 mm and there is a lateral flowtiaind two vertical outlets at top and bottom.

Borda mouthpiece

To air
release
valve

Fig. 10. Front, top and bottom views of the accuatar with the Borda mouthpiece (zoomed section)tadhree
pipes connecting with the air release valves.
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4. 2. CFD model set-up

For the steady state isothermal numerical simulatéto mesh with around 1 million of tetrahedral
elements has been used as shown in Figure 11. &dellimg the behavior of air bubbles in flowing
water, two multiphase models have been used. Theahgian Particle Tracking model with the Ishii-
Zuber correlation (Ishii et al., 1979) has pernditte obtain complete information on path and reside
time of individual bubbles. The Eulerian-Euleriarultiphase model has permitted to calculate the air
volume fraction inside the fluid domain. In bothsea, a one-way coupling option has been selected
which does not take into account the influencenefgarticles on the continuous liquid phase fladfi

VAT

Fig. 11. Detail of the tetrahedral mesh used ofilimerical simulation.

To set the boundary conditions at the inlet and awibet sections, typical operating conditionsha t
cooling system has been simulated with Flowmasten fwhich the flow rates and the static pressures

have been extracted (see Table 3).

Table 3: Flow rates and total pressures measurim diuid domain boundaries.

Boundary Flow rate (m3/h) | Total pressure (bar)
Inlet 370.0 1.993
Top outlet 33.3 1.982
Bottom outlet 336.7 1.978

The mass flow rate of air particles entering theuamlator through the inlet section has been
considered of about 0.411 Kg/s. This figure hamledculated based on a measured oxygen content of
about 4000 ppb. A uniform injection has been sdhva particle diameter distribution based on
considering an equal mass of particles at eached@mfrom a minimum of 0.1 mm to a maximum of 2.0

mm.
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4. 3. CFD results and de-aeration efficiency

The pathlines of randomly injected bubbles in tlheumulator for the original and the modified
geometry are plotted in Figure 12. As it can beeolEd on the left of the figure, most of the airtioées
are exiting the accumulator through the top oyilpe. On the contrary, the Borda mouthpiece maslifie
substantially the flow field and the particle te@ries. The entire accumulator becomes a rectionla
region and a large number of bubbles are trappemteter it is observed that less particles scape
through the top outlet than through the bottom one.

Regarding the effectiveness of the air releaseegalthe air volume fraction isosurface plottedton t
left of Figure 13 clearly indicates that the aibbles tend to fill the vertical tubes connectindghathe
valves. Nevertheless, there is not an exact axistmendistribution of bubbles on the top of the
accumulator and the bubbles tend to concentrate armund one of them. This can be deduced from the
air volume fraction values plotted on a cross secfilane cutting the tubes as shown on the righitef
same figure.

In particular, the de-aeration efficiency can bénested from the results of the Particle Tracking
model. For example, from 100 air particles ententd the modified domain through the inlet pipeyonl
49 have left at the end of a simulation set withaximum tracking time of 3500 seconds and a maximum
tracking distance of 600 m. Therefore, it can lagest that around a 51 % of air bubbles with diarsete
between 0.1 and 2 mm are retained in the accunmufado the particles that exit the domain, arourdda
is through the upper outlet and the rest (96%dnsugh the bottom outlet.

K \
0 2.000 (m) /I\ 0 2.000 (m) ’/I\
L u e X

Fig. 12. Bubbles pathlines simulated with the avdgi(left) and the modified (right) domain.
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Fig. 13. Isosurface of air volume fraction on thalle/of the domain (left) and on a cross sectioanaintermediate
height of the vertical tubes connecting with therelease valves and the outlet top pipe.

5. Conclusions

The thermo-fluid properties of the cooling systeavén been simulated under typical operation
conditions with good accuracy. The model resultssent maximum deviations from the measured
quantities of about 10%.

The global system stability is guaranteed undealidenditions whenever a positive flow from the
accumulator towards the common return exists. Nbeglass, the conditions on the Experimental Area
subsystem are significantly affected by changedtamage Ring or Service Area.

In general, several pipes present mean flow veédscibelow 0.5 m/s along the entire system. In
particular for the Experimental Area consumptiomgria detailed model and simulation has proved a
significant velocity rise in most of the pipe sestavhen changing the flow distribution from 28@
360,

Transient simulations have demonstrated that lcltahges can affect the whole system behavior due
to the common return design configuration.

A numerical simulation with a two-phase model hasrbcarried out to evaluate the effectiveness of
a Borda mouthpiece mounted in the upper outlet pfgke accumulator to promote air collection.

At typical operating conditions, the presence & thodification creates a large recirculation zone
that traps more air particles which can be remavitl three air release valves. In comparison wlih t
original geometry, around a 50% more of the patidan be retained.
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